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ACCORDING to Shaw (I928), blood vessels are formned in the emibryo fromi
angioblastic endothelial cells developing in the vascuilar layer of the meseni-
chylmle. These cells first form solidl cords and islalnds; lumilens tllen appear
in themii and, finallv, the isolated structures unlite to formi cointinluous tubes.
If somle of these structures fail to unite anid renlaini segregated, they mlay grow
independently anid formi helmiangiolmias whiclh may sul)seqtlently unite witlh
normiial 0lood vessels or remain separate(l fromii tlhemii. Tlhey nmaxv reImain as
simple capillarv tubes consisting of eindothelial lininig cells surrounided by a
delicate reticulin framnework or have, in additioni, otlher cells normially asso-
ciated with bloo10 v-essels, such1 as smootlh miuscle cells aind l)ericytes, an1d
also, oni occasionl, other tissues such1 as fat. smnootlh miiuscle, invxonmatous
tissue, bonie, miature and immature red and white blood cells an(d perhaps
other cells which may be derived fromi miesenclhvmiie.

This accounts for the focal origin of a large majority of vascular tumiiors
but it does not account for all, inor does it explain the spread and inlfiltrative
growth of any of these tumiiors after tlhey have once formiied. This takes place
by a process similar to the forimtatioin of ca)illaries in granulation tissue which
occurs b1 the sproutinlg of enidothelial cells from preexisting capillaries
forming first a solid cord wxhich secondarily becomes canialized. It seems
probable that the maligniant tumlors in this series, wlhich appeared in trauma-
tized areas (Cases 8 and( 14), imust lhaxe de-elol)ed in this fasllioni from the
capillaries of granulation tissue. Probably all of the malignant tumiiors
exhibit this type of growtlh in their infiltrative growth.

These methods of development make possible a very wide variety of gross
ani( microscopic forms which have been endlessly described and nlamiied by
pathologists, dermatologists, neurologists, anid imanyv otlhers. It often leads
to the formlationi of mutiltiple tumiors. Usually suclh ttumiiors, eveni if they appear
suiccessivelx and grow to a large size, are not suspectedl of beinig miialignant
growths, lbut a fewv cases have been recor(led h-liose behavior lhas raised this
qutiestion. In somne, such1 as the cases of Glogg,engiesser (1939), Rabson1
(1938), Weiss (I91I) in humiianis, and Sal (1931) in clhickens, growth of
vascular and related tissues occurred in widespread areas, as if it were due
to a profound and perhaps systemic disturbance of the vascular system akin
to von Recklinghausen's (lisease in the nervous system. If Kaposi's (lisease
is neop3lastic, it probably belongs to this group. In aniother group of cases,
hlat have been (lescribed as l;en'ig'n lieniangiomias have developed in onle area
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witlh the subsequent appearance of hemangiomas or hemiiangio-endotheliomnas
in other areas, as if they were metastases. This phenomenon has given rise
to the term benign metastasizing hemangioma. The writer has never observed
such an anomaly in his own material, and questions its occurrence. The
subject will be discussed later in this paper.

In spite of the fact that blood vessels are ubiquitous, and benign vascular
tumors exceedingly common, malignant tumors of blood vessels are exceed-
ingly rare. Just how many of them have been recorded is impossible to say
because many tumors have been reported as such with insufficient or obvi-
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FIG. T.-Case i: Hemangio-endothelioma of the mammary gland in a 19-year-old
girl, 14 months after onset, just before it was removed. The enormously enlarged
bluish, turgid right breast weighed i647 Gm. and contained a liter of blood.

ously erroneous data. After reading reports of i i8 cases labelled with some
niame suggestive of a mialignant vascular tumor, the writer felt compelled to
reject 41, or 35 per cent of themii either because there was an inadequate or-
no histologic report, or because, in his opinion, the illustrations and text
described a tumor of some other kind.

There are certainly two, anid probably three, malignant vascular tumors
all characterized by the formiation of vascular tubes but with different cells
playing a dominant r6le in tum-or growth. Attention has already been called
to the group featuring the pericyte (Murray and Stout, I942; Stout and
Murray, 1942) for which the niame hemangiopericvtoma has been suggested.
This group includes the glomus tumors and the vast majority of them are
benign. However, two cases havoe shown aggressive infiltrative growth, and
at least oIe other is known to have mietastasized-establishino the existence
of a malignant variant.

Since smooth m,euscle formws an iaportant part of many blood vessels, one
might expect to find a vascular form of leiomyosarcoma. There is a benign
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vascular leiomyoma (Stout, 1937, 1938), hence from the theoretical view-
point, there is no reason why there should not also be. a malignant form of
this tumor. The evidence that such a neoplastic type exists is scanty. Four-
mestraux and Foulon (1930), Grandclaude, Lambert and Driessens (I933),
Leuret et al. (1930), and Konig (I92I), believe that such tumors occur.
The case reported by Leuret, and his associates, seems to have been com-
posed of both atypical smooth muscle and many vessels, sometimes with
heaped-up irregular endothelia and may, indeed, be truly compounded of
both of these elements. It would be preferable to obtain further confirmation
from others before accepting this as a definite type and not just a sport.
This writer has not encountered such a tumor.

The third group is much better known and contains the majority of the
mialignant vascular tumors. It also forms vascular tubes but the important
cell responsible for its aggressive growth and metastases is the endothelial
cell. Because of this, it is best called by the name hemangio-endothelioma,
devised by Mallory (i908), which is properly descriptive and has the added
advantage of familiarity.

The writer has had the good fortune of assembling i8 such tumors from
various sources, which he is permitted to present in a group through the
generosity of several different pathologists and surgeons. Such a collection
affords a better opportunity to study the characteristics and peculiarities of
this tumor type than can be gained by attempting to analyze and collate the
literature, for the reasons already indicated. The writer will base most of
his remarks upon this material and only supplemiienit it when necessary from
the reports of others.

Eleven of the patients here reported were females and seven males. Three
of them were colored. The age at onset varied from birth to 66 years; nine
were less than 30 years of age but six were over 50 years. A tumor of the
popliteal space (Case I4) and the one in the erector spinae muscles (Case 8)
developed in traumatized areas.

The distribution of the primary lesions is shown in Table I.
TABLE I

PRIMARY SITES OF HENMANGIO-ENDOTHELIOMAS

Mammary gland ............3 Pleura....... ; 1
Liver ............2 Uterus ........1 Skin and subcutaneous tissues6
Bones .............:. 2 Orbit........1
Striated muscles ........... 2

The majority of reported cases have been in the spleen, the liver, the
bones, or in the skin and subcutaneous tissues. In acceptable reports of
others can be found the following additional primary sites mentioned: Tonsil
(de Bary, 1935); stomach (Sherrill and Graves, 1915) ; intestine (Magnus-
son, 1934); omentum (Ransom and Samson, I934); retroperitoneal space
(Beitzke, I932; Leubner, I935; Cannata. 1931); lung (Hall, I935; Plaut,
1930); mediastinum (Shennan, I914) ; heart (Gross and Englehart, I937;
Hewer and Kemp, 1936); pericardium (Scheidegger, 1937) : ovary (Sovak
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anid Caralbl)a, 1931) corpora cavernosa (Fouilds anid Flett, 1938) ; central
n1ervous systenm (Turnier- an1d KerniohaIn, 1941 ).

The nmalignant nature of these tumlors is ftlly conifirmiied by tlle outcolmle
of the cases in this group. Of the i8 patienits. teln are kniowvn to have died
witlh miietastases; one was last seen with local l)ersistence of disease; one had
had miiile operations for local reappearances anid wvas not followe(d after the

A 13
FIG. 2.-Case 13: A (left). Hemanigio-enidothlelioma of supraclavicular region. Aniastomosinig

Vascular chaninels linled by heapedl-tp, roun0ded atypical enidothelia. Silver reticulin stain below out-
linies the vascular tubes.

Case 14: B (right). Ilemiianigio-enidothelionia of 1)opliteal region. l'oorlv definied vascular chatni-
nels linled by swvollel polygonial enlilotlelia are shiown above. while below the silver retictilin stain
accenituates thc vessels by blackening their sulpportive fraimiework (see Fig. 9). (x 525 reduced)

last ol)eration; tlhree patients are witlhout evidlence of tumlor 8, 12, alId 30
montlhs after removal two w-ere not followed and(I only one is knovin to be
well five years and(I two lmlonitlhs after excisioni of a p)opliteal ttumlor.

As in. other nmalignianit tumiors, the course of the disease is somiietilnies
fulminating, as show%n by Case 2, the 6-v-ear-old womlan, who was dead eight
weeks after slhe first nioticed a growth in her breast; and sometimes exceed-
ingly protracted, as exemplified by Case i6, who durinig the first I9 years of
her life had had a persistently grou-ing ttlmllor of the upper eyelid which
constanitly recturred in spite of eight attemiipts to remiiove it (Figs. IO and 5 B).
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The vascular mature of these tumiiiors cain genierally be ap)l)reciate(d when onie

approaclhes tlheii, aid thlev hlave a tenidency to b)leed either iilto themselves or
externally if they peinetrate t1hrough a body surface. Ani exanmple of the
former conidition is fuirnishe(d l)bv Case I, the i9-vear-old girl, witlh a tumior
in the manmmary glan(l which conltainied a liter of blood in it (Fig. i). This
l)leeding was associated nlot oiilv w-itlh a severe aniemiiia but a purpura. w-ith
platelets averaging only 5i ,ooo. Ain examlple of surface bleedin, is furniislhe(d
by the uterinie tumilor (Case io) which bled with increasin, severity over a
two-year leriod. Oni the otlher hand, Case i8 gave nlo evidence of its vascular
composition eveni hleni excised, and only microscol)ic examiniationi revealed
its true niature. It (levelol)ed ini the eyebrow of a thlree-milonitlhs-old bov, alnd
was miiistakenl for a dermloidI cyst.

Great vascularitv alnd hemorrhagcs, while thley may suggyest a tumiior of
blood vessels, are nlot in thlemselves sufficielnt to prove that a nieoplasimi is
indeed a miialignlanit tumiior of vascular elemiienits. Both AMolotkoff, (1933)
and Ogilvie anid MAacKenizie (1936). have pointedl out that chorio-epithelioma
cani be coniftusedl wA-ith blood vessel ttumiiors and every experienced pathologist
will recall extremiiely vascular hemorrlhag,ic malignant tumiiiors of other types.
The diagnosis multist, tlherefore, rest uiponi the Ihistologic chlaracteristics. These
display themselves in a variable fasllion and(l reqtilre presenitationl ill somiic
detail.

There are two feattures of the growtlh of lhemiiang,vio-eildotlheliomiia which
are strikinlg aind uniformly plresenit ini all trtue ttumiiors of this kind, altlhouiglh
they are somiietimiies miiasked anid re(qtiire difterelntial stainini1g clearly to demiioni-
strate tlhemii. These are: First, the formiiationi of atvl)ical enidotlhelial cells inl
greater numbers tlhan are re(qtuire(l to linle the v-essels witlh a simiiple enidothelial
membrane; anid, second, the formation of vascular tubes with a (lelicate
framiiework of retictulini fibers anid a miiarked tendency for their lumllenls to
aniastomiiose. No tutmlior slhouild be conisidlered a hemiialngio-enidotlheliomiia nliiless
these criteria are both preselnt. The variationis founid are (lue to the miiarked
variability in the number, shape, size anid tinictorial lectuliarities of the miialig-
nanit endothelia. They Maxy be irregularly rotunided or polygonal (Figs. 2 A
anid B), or they inavlmlainitaini an elonlgate(d shape (Figs. 3 anid 4); the-
may, formii onlyv! a sillgle conitilnuouls layer (Figs. 3B an(l C) , or they miay
become heaped utp and( more or less fill the lutmiieni (Fig. ;A). Usually the-
reniaill vithin the vascular ttubes but occasionally thley grov outside of it alnd
formii solidl slheets of cells (Figs. 4 A an(l B). Whatever their shape. the
tutmlor cells always (lifter fromii the eildothelial cells of siml)le benign angio"mlas
nd(l normlial blood vessels, althotughl occasionally the blood vessels wlich are

formiied ini the process of organization of a thrombus mlay simulate their ap-
pearanice. It is usually easy to perceive that a tumiior is composed of vascular
tubes which tend to anastonmose and are liined by atypical endothelia. When
there is doubt about these thinigs w\ith ordinary stains, the relationships can
be clarified by the uise of a silver reticulini staini. This will catuse tlle tubes
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to stanid out in sharp relief because each one, even in the most malignant
tumor, has a delicate fibrous supporting framework and the silver brings out
a distinctive pattern (Figs. 2, 3, 4 and 5). This pattern will be revealed with
silver even when, with other stains, it is entirely obscured by an overgrowth
of cells (Fig. 4 B). When ordinary stains make it impossible to decide

A D~~~~~~~~~C
FIG. 3.-Case IO: A, (upper left). Hemangio-endothelioma of uterus. Infiltrative extension of

anastomosing blood vessels lined with bizarre elongated endothelia through the myometrium.
Case 6: B (lower left). Hemangio-endothelioma of tibia. Proliferation of anastomosing capil-

laries lined with hyperchromatic endothelia in the marrow.
Case 3: C (right). Hemangio-endothelioma of breast. Complex formation of vascular channels

lined with hyperchromatic endothelia. The Laidlaw silver reticulin stain shown below accentuates
the vascular pattern. (x 525 reduced)

whether cells are grouped inside or outside of a vessel wall, and so to deter-
mine whether one is dealing with endothelia or pericytes, silver staining of
the vascular reticulin sheath shows the exact relationship of the cells beyond
peradventure (Fig. 5 A).

If one tries to group these tumors in order to give them descriptive sub-
titles, one encounters almost insuperable difficulties, for the cellular appear-
ance and make-up not only may vary in different parts of the same tumor
but also in its recurrent or metastatic manifestations. Some features. how-
ever, deserve special emphasis.
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Onle variety of this tumor manifests a certain degree of conistanicy in its
formi. It seems to grow especially in infants, and there are two examples of
it represented in the present series (Cases 17 and i8), both of which closely
resemble one another in every way. These tumors differ from all of the
others in that they both maintain a uniform histologic appearance throughout
(Fig. 5 A), so that the illustration furnishes an accurate picture. They are
composed of closely packed capillaries, with heaped up endothelia, and a
tenldency to anastomose, so that they are by definition hemangio-endotheliomas,
but growth. although rapid, is orderly. andi neither has recurred nor metasta-
sized in the short space of time they have heen followed. Nevertheless, one
must not assumile that this sl)ecial formli always pursues such a beinign course.
T'lie kind(lnless of Dr. Beryl Paige. Pathologist of the Babies Hospital, has
eniabled the writer to review the slidles of the case of a femiiale baby dying in
its fifth mouitlh, whiclh was reported by the late Dr. .Martha \Vollsteini (I93I)
as a "malignanit hemangiomia of the lung with multiple visceral foci." Tn
this case there were many tumors in skin and viscera, the majority of which
were exactly similar to the two tumors here reported, while the rest were
simple capillary or cavernous hemangionmas. It is really impossible to decide
whether these tumors are multiple independent growths, as seems probable,
or whether some of them are miietastases. The question of metastasis of a
sitiple hemangioma does not here arise, for the growths are definitely
lhemangio-endotheliomas.

At this point, it seems pertinent to debate the question of the so-called
b}enign metastasizing hemangiomas. The writer reread the published reports
of some of these cases in an effort to determine whether or not he could
agree with the authors that the tumors were simple hemangiomas and that
they metastasized. The cases of Langhans (I 879), Borrmann ( 907), Shennan
(I914), Wright (I928), and Siirala and NMiteinen (1940), all show atypical
endothelia and very free vascular anastomoses, which bring them definitely
into the class of hemangio-endothelionma. The cases of Weiss (I9I i),
Konjetzny (19I2) and Ewing (1928). are not illustrated with photomicro-
graphs, so that the reader cannot judge for himself. Stamm's (I89I) thesis
Nwas not available.

Robinson and Castleman (1936) reported that the primary tumor in their
case was a simple hemangioma, while the metastases were angiosarcomatous.
Their illustrations support this contention. It seemed important to review
this case to determine whether or not the whole primary tumor appeared like
the illustration. Dr. Castleman was kind enough to permit me to examine
the original microscopic preparations. They show that in the primary
growth there are some areas with extremely free-sprouting and anastomosis
of capillaries which are lined with prominent darkly stained endothelia vary-
ing in relative size. Thus this case also shows features which lead me to
classify it as hemangio-endothelioma and not simple benign hemangioma.

In the present group of tumors, Case i, which has been reported previously.
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with illustrationis, by Hill aind Stout (1942, Case 25), slhowed in the primary
tumiior the formationi of a mleshwork of anastomiiosing capillaries lined with
deeply stainied swollen endothelia, which resemiible Robinson andl Castleman s
tumiior and that of Borrmanin, and are like Case 3 slhown here in Figure 3 C.
Such formatioins do( not occur in simple nonnmaligniaint hemiianigiomilas. The
picture may be repro(luced occasionally ini the very rapid formiiationi of capil-

A B
FIG. 4.-Case 8: A (left). Hemangio-enidotlielioma of erector spinae muscle. Above, the vas-

cular patterni is partly obscured by the sheet-like proliferation of elongated endothelia, but the Laidlawv
silver reticulini staini, below, demotnstrates its presence.

Case 9: B (right). Hemanigio-enldothelioma of calf muscles. The enidothelia of tlhis tumor form
solid cords of cells cotursinig in various directionis. Laidlaw's silver reticulini stain. below, brinigs out
the vastcular patterni (see Figs. 6 anid 7). (x 525 reduced)

laries wh-lich cani take place in the organizationi of intra\vascular thrombi.
But here the growth is strictlv limliite(d to the throlmbus all(l niever invades
stirroun(lin,g tisstues. This coml)parisoni emphasizes the fact that in miialigniant
vascular tumors growth takes place by sproutinig in the fashioni characteristic
of the formation of vessels in granulation tissue and not in the way blood
vessels are developed in the primitive mesenchyme of the embryo.

Thus, the writer has not been able to find any case which, to him, offers
incontrovertible proof of the existenice of sucih ani anomialy as a b)ellign metasta-
sizin,g hemianigioma all(l he, thierefore. (loubts its existenice.
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One ttumiior (Case 9) in this series diiffers fromii all the others b)ecause the
whole tumnior is overgrown with elongate(d cells genlerallv arranged in slender
cords whiclh are uisuially solid but sometimiies lhave a core of red lood cells.
In addition. capillaries linled witlh niormiial enidotlhelia are frequeint in some
areas. Laidllaw's silver retictulini stain shows a ague ttubular arranlgemielnt of
retictulini correspond(ing> witlh the solid cor(ls of cells (Fig. 4 B). Grossl].
this ttumlolr was extremely vascular andcl helme)orrlhagic (Fig. 7) . The mor-
phologic featuires of this tulmiior alonle o-utldl hardly warranit its inclusioni inl
the grotup of hlemuaingio-elndotheliomiias. It seemns proper to do so, however.
because explanationi in 7vitro demiionstratedl that the tu1mor cells ha(l the char-
acteristics of endothelia. Details ar-e reported in a separate communivinication
(CMurrav and( Stout. 1943).

In all of the tumtiiors here describe(l. anid in acceptable previously reported
cases, thie tum1lor cells appear as variously illtustrated in tllis paper. There
are a few tulimiors of bone called alng-io-end(lotheliomiias vibiiclh have cells of a
different aspect. These (lemuanid separate (liscussion.

On page 362 of the 4th Edition of Ewing's "N'eoplastic Diseases" there
appears ani illuistrationi (Fig. 133) labelled "Structure of angio-etidotheliomlia
of bone." It showvs large clear cells witlh smiiall nluclei in alveolar arranige-
ment, with re(d )loo0( cells ini the lumlilens. In the text reference is miiade to a
number of the oldler sturg,eolns and pathologists xvlo describe(l similar bulkx-
lesioiis in bones. xwbiclh they conlsi(lere(l primary vascular endotheliomias.
Ewing sax's that hie has seeni tilree suiclh cases. but in a finial paragraph lhe
warils that sutclh tuimiors maxy be con1fuise(l with Imietatases from1 p)rinmarv growthis
elsewhere. Tlhomiias (1942). in his l)al)cr lealing' witlh vascular tumiors ot
bone, has a)l)arently been ilnfluienced 1by Exwing, for he includ(les cases which
he calls anigio-enidothleliomiia. One of tlhemli is illustrate(d an(l is Bonie Sarconma
Registry Case 215;6. It formlie(d a bulky ttumor in the hulmierus. Death fol-
lowed six mlonitlhs after aml)tltation, apparently frotm heart disease, and there
was lno autopsy. T'he photomicrograph sloxx's a tumor exactlv like that
illustrated by Ewing.

If tllese tu1mors are trulv hemanlg,io-endothelionmas thex dliffer histologically
fromii any otlhers in other parts of the body, aiid muiiist be a variety pectlliar to
bone. They canl be explained miiore easily as miietastases. The histologic
structure (lescribed anid illtustrated is exactly like hvypernephroid carcinoma.
Red blood cells in thie lumiilenis of the tubules linie(d by- the characteristic clear
cells is not ani unlcomiimon finidinig in the p)rimarx kidney tuimors. MIoreover.
a solitarx miietastasis to bone fronm ani occtult hvpernephroid carcinoma is a
well recogni;zed plheniomlenioni. For these reasons it seems improper to accept
stucl cases as hlemalngio-end(lotlheliomiias or. inidee(l. as vascular tullmiors at all.

('ASE RFPORTS

IftEA ST

Case I.-J. AL. 'hitc felale. agc 19.
Slightlt bluish luml)s in the right breast. oi thrce mnontlhs durationl. 'erc treate(l
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for six months with estradiol benzoate without avail. When biopsy showed what was
wrongly interpreted as a capillary hemangioma this was stopped and four months
later quinine and urethane were injected into the constantly enlarging breast. Five
months after biopsy the enormously enlarged, turgid, discolored breast was removed by
Dr. D. C. Bull (Fig. i). It weighed I647 Gm. and contained a liter of blood. Two
months later metastases began to appear, first in the abdominal wall and later in
the humerus, scapula and lungs. Before mastectomy the platelets were low and now

/' i4 W~~~~~~T tI^

A B
FIG. 5.-Case 17: A (left). IJemangio-enadothelioma of scalp. Above are shown the vessels with

rounded cells surrounding their lumens. One can only be certain that all the encompassing cells are
endothelia by using silver to outline the vascular framework, as shown below.

Case I6: B (right). Hemangio-endothelioma of eyelid. Above, is shown tihe anastomosing vas-
cular channels lined by elongated hyperchromatic endothelia. Some of these are encased by thick;collagenous sheaths as shown by the silver stain below (see Fig. IO). (X 525 reduced)

they dropped to 51I,000, and ecchymoses appeared On1 the legs. Three months after
mastectomy she died, with symptoms of abdominal hemorrhage.

The breast was honeycombed with blood-filled cavities of all sizes, and these
showed a proliferation of rounded and flattened malignant endothelia sometimes
heaped up and sometimes in a single layer, quite comparable to the tumor shown
in Figure 2 A. The primary growth showed freely anastomosing capillaries lined by
swollen elongated endothelia, comparable to Figure 3 C (Hill and Stout: Sarcoma
of the Breast, Case 25, illulstrated).

Case 2.-J. M., white female, age 65.
A five-centimeter- nodule lateral to the nipp)le in the right breast, with a reddish-.
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purple hue to the elevated overlying skin and a suggestion of pigskin effect. Radical
mastectomy was performed two weeks after onset, and the firm, grayish-white mass
was speckled with areas of hemorrhage and yellow foci. There were no axillary
metastases found. Microscopically, the growth resembled Case i. One month later
there were recurrences in the scar and lung metastases. Irradiation was without
effect, and two months after onset the patient was dead. (Case of Drs. WV. C. Seelye
and J. P. Beck, Worcester, Mass. Reported by Hill and Stout: Sarcoma of the
Breast, with illustration).

Case 3.-A. P., white female, age 68.
Pain in the right breast of two years' duration and a lump which, after a blow

some months before, became black and blue and began rapidly to increase in size. It
was said to be the size of an orange when simple mastectomy was performed. One
month after mastectomy there was a recurrence in the scar, from which blood was
aspirated. Three months after mastectomy there were metastases in both lungs and
the right ischium. Numerous skin metastases next appeared over opposite breast and
forehead. In spite of irradiation therapy with roentgen-ray and radium she died four
months after operation. The breast tumor, examined by Dr. A. 0. Severance,
was 7 x 4.5 x 3.5 cm., and grossly suggested a hemorrhagic fat necrosis. He cor-
rectly diagnosed it as malignant hemangio-endothelioma. It closely resembled the two
preceding cases (Fig. 3 C). (Case of Drs. C. S. Venable, D. Jackson, and A. 0.
Severance, San Antonio, Texas).

LIVER
Case 4.-Autopsy I1340: M. B., colored male, age 54.
This syphilitic patient had been under treatment for diabetes for a year. Seven

weeks before death he suffered from abdominal cramps, profuse diarrhea *and bloody
ascites. He failed rapidly, and died without remission of symptoms. At necropsy, the
liver weighed 2740 Gm., and measured 29 x I3 X 23 cm. It was filled with large
hemorrhagic nodules and smaller hard yellowish-white ones. Metastases were found
in pancreas, kidneys, right suprarenal, spleen, diaphragm, lungs, peritoneum, omentum,
abdominal skin and abdominal lymph nodes. Xl icroscopically, the tumor is composed
of multiple anastomosing vascular tubes lined by large bizarre endothelia which are
heaped up in many places. The multiplication of these cells is so great it obscures
the tube formation in some areas but its presence is revealed by the silver reticulin
stain. The abdominal skin nodules were found around the punctures of the paracentesis
needle and may represent tumor implants. (From the Pathology Laboratory of the
Presbyterian Hospital. Dr. J. WV. Jobling, Director).

'Case 5.-Path. I2177: A. C., male, age 52.
Symptoms began with a dragging pain in the right flank one year before death. It

gradually became worse, with radiation to epigastrium, loss of weight, darkening of
skin, weakness, dizziness and dyspnea. Except for a large liver, no definite findings
were recorded. Following cystoscopy, he developed acute uremia and died in a few days.
At necropsy, the liver weighed 3020 Gm., and measured 31 x 19 x IO cm. It con-
tained multiple large and small nodules of yellowish-red hue, found chiefly in the
right lobe. The largest was three centimeters in diameter. Metastases were found
in the heart and lungs. The tumor is made up of vascular tubes outlined by reticulin
fibers, lined with large, swollen, elongated endothelia of bizarre appearance and variable
size and shape, which are not heaped up (similar to Fig. 3 A). (From the Pathology
Laboratory of the Presbyterian Hospital. Dr. J. W. Jobling, Director).

BONES
Case 6.-L. D., female, age 6o0.
Four months before operation pain began in the region of the left external malleolus
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anid was sooni followed by swelling in the lower leg and aiikle but lnot in the foot.
No history of trauma. Roenitgenograms showed evidence of a destructive central lesion
in the lower ends of the tibia anid fibula. with widening of the bones. Wheni the marrow
cavities of the lower ends of the tibia and fibula were exposed they were filled with a
very vascular tissue which looked like sponge rubber. This was curetted out. The
woun(l was packe(l openl because of oozinig, with subsequent secondary closure and(

FIG. 6.-Case 9: Hemalngio-endothelionma of flexor lonigus digitorum anid flexor
lonigus hallucis muscles in the left calf of a 28-vear-old colored male. It was 11.5 cm.
larger thani the right calf (see Figs. 4B alnd 7).

Fig. 7.-Case 9: SectiQni of tile large tumor sihowinig manyv henmorrhages, vasctilar
spaces and areas of degeiierationi (see Figs. 4B anll 6).

good healinig. Three mouiths after the operationi roenitgenograms showed what appeare(d
to be an extenisioni of the process in the tibia anld fibula and similar areas of rare-
factioni in all the tarsal and metatarsal bonies anid a I)ossible area of involvemenit
in the great trochaniter of the femur of the same side. Slhe as known to have beeni
alive tell Ililollts after olperation. but the finlal resuilt is unlkniowln. The tumor is
coml)ose(d of great ilumlnbers of small capillaries which ainastoniose freely and are liied
by prominelnt hyperehromatie enldothelia. Thiese are all elongated anid frequently fill
and(I obliter-ate the lumileni. Trile stroima is oftenl fille(d with red bl0o(d cells. The bolly
trabeculae show pr-essur-e atrophy (Fig. 3 B). (Case of l)rs. H. WV. Cave, surgeoln,
tllld WV. Bralides, pathologist of the Roosevelt Hospital, N. Y.).

Case 7.-YoUn4g femiiale (20±+ ).
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The history of this tumor is not available. It is known to be primary in a rib.
It metastasized widely, and killed her in two or three years. The case was studied
by Dr. H. E. MacMahon, in the Laboratory of Pathology, Tufts College Medical
School, who permits its inclusion in this group. Dr. Frederic Parker called the case
to my attention. Histologically, the tumor shows great variability, in some areas the
vascular tubes are lined with elongated cells, elsewhere the cells are rounded and
heaped-up, and, finally, overproduction of tumor cells in solid masses obscures the
vascular tubes.

MUSCLES

Case 8.-J. P., male, age 14.
Eight months before operation this boy fell, striking his side and back. There

was not much pain at the time but one week later dull aching in the interscapular
region began. It persisted and, finally, a deep mass was felt. Roentgenograms were
negative. It was first explored by Dr. W. Darrach, and found to lie in the right
erector spinae group of muscles, with its upper end at the level of the spine of T 6.
It was dark purple, rubbery, not encapsulated, and about five centimeters in diameter.
A biopsy showed that the tumor was malignant, and five days later the mass was
excised with the surrounding muscles, but some of it was left behind in the sixth right
intercostal muscle. In four months there wcere evidences of lung metastases and
symptoms of paraplegia. Death occurred seveni nio iths after operation. This tumor
is composed of many vascular spaces outlined by retliul1in fibers and lined with both
rounded and elongated bizarre endothelia. The vessels are often obscured by an
overgrowth of these elongated cells wlhich appear in solidl slieets (Fig. 4 A).

Case g.-M. W., colored male, age 28.
The growth first appeared unexpectedly as a marble-sized l:mp in the left

calf, three years before operation. It was stationary until nine months before when
the calf began to swell. Four months before, aspiration yielded only blood. Examination
showed a diffuse enlargement of the left calf, which measured 47.5 cm. in circumference,
while the right was only 36 cm. (Fig. 6). When a frozen-section showed a malignant
tumor, amputation through the middle third of the thigh was performed by Dr. C. D.
Haagensen. Eight months later there was no evidence of return. The tumnor measured
I6 x I3.5 x 6 cm., was exceedingly vascular, with large spaces fille( with black,
viscid bloody fluid, and lay with the flexor digitorum longus and flexor hallucis longus
muscles, from which it had apparently arisen and invadei l the overlying soleus and
peroneus brevis muscles (Fig. 7). The microscopic picture in this tumor is obscured
because of the great degree of overgrowth of elongated endothelia which form apparently
solid sheets and cords, with spaces containing red blood cells scattered among them.
The Laidlaw silver reticulin stain outlines the vascular tubes (Fig. 4 B), and the diagnosis
was made certain by the growth of endothelia from tumor explants in zitro, by Dr.
Margaret Murray. Details will be given in a separate communication.

UTERUS

Case io.-A. M. S., married female, age 28.
Thirty-one months before operation she began to have gradually increasing

menorrhagia. Seven months before she bled daily for one month. A curettage
showed that most of the endometrium was replaced by capillaries, and it was supposed
that she had a hemangioma. Bleeding continued, and a month later a second curettage
showed persistence of the vascular tumor. During all this time she suffered from attacks
of cramping abdominal pain. Just before operation the temperature was ioo0 F..
pulse I40, vaginal bleeding profuse, and there was pain in the chest and cough. At
operation, the uterus was soft and enlarged to the size of a three months' pregnancy.
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Hemorrhagic implants were found on the lower sigmoid and in the cul-de-sac of
Douglas. A supravaginal hysterectomy, right salpinigo-oophorectomy, appendicectomy,
and biopsy of sigmoid was performed. When the uterus was opened, a reddish, friable
tumor mass was found in the endometrium of the fundus. It penetrated the myometrium.
Several other similar, but smaller foci were found in the left cornu and on the
posterior wall. Nine months later, metastases were found in the left scapula and
still later in both lungs, peritoneum and pelvic bones. She became too anemic to tolerate
roentgenotherapy. She died 14 months after operation. This tumor throughout its
course shows the same histologic p)icture. It is composed of capillaries lined bv

Tho.S:-CaseH: .5 5,5

FIG. 8.-Case I I: lemangio-endothelioma of pleura. Metastasis in a hilar lymph node.
Capsule and marginal sinus at left; anastomositng ttumor vessels lined with bizarre endothelia
at right.

swollen, elongated, hyperchromliatic bizarre endotlielia showing great variation in
size and frequent mitoses. The cells are almost always in a single layer and there
is little tendency to heap-up or invade outside the vessel wall. The tumor shows
marked infiltrative tendencies (Fig. 3 A). (TThis case was treated in Sloane Hos-
pital, N. Y.. by Dr. B. P. \Natson, Director, alid is included with his permission).

PLEURA
Case ii.-T. T., male, aged 6i.
Eight months before death, pains began in left lower chest, followed by night

sweats, weakness and hemoptysis. Two months before death, he entered the hospital,
and bloody fluid was repeatedly removed from the left pleural cavity. It was felt
that he had a cancer of the lung. After a progressive downhill course he died at
the Lincoln Hospital, and was autopsied by 'Major Chester R. Brown, N. Y., who
permits me to include this case. The entire left pleura, both visceral and parietal, was
markedly thickened by the hemorrhagic tumor. Metastases were found in the
hilar lymph nodes (Fig. 9) and the left lung, and the diaphragm was invaded. In
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addition, simple cavernous hemangiomas were found in the diaphragm. This tumor
consists, basically, of freely anastomosing vascular tubes lined by atypical endothelia
which sometimes are rounded and heaped-up and sometimes flattened, forming a one
layer membrane (Fig. 8).

ORBIT

Case I2.-I. P., female, age 40.
She suffered for two years from swelling of the left upper eyelid, with proptosis

and double vision during the last three months. Roentgenograms showed an enlarge-
ment of the left orbit. At operation, by Dr. G. M. Bruce, a firm mass extended along
the roof on the nasal side, from the apex nearly to the anterior orbital margin. Although
adherent, it was excised, and measured two centimeters in length. Following this she
got a complete paralytic ptosis. Eighteen months later an attempt to correct this by
operation failed because of tumor recurrence. A second attempt to excise this was
made three years after the first operation. This failed because the growth now
infiltrated the medial rectus muscle and the optic nerve. When last seen, six years
after the first operationl, the globe was fixed and immnobile and the ptosis persisted.
TIhe tumor appears the same in botlh manlifestationis. It consists of freely anastomosing
v,ascular channiiels occasionally line(d by swolletn round(led heaped-up endothelia but
often obscured by an overgrowth of elongated en(dothelia. (Case treated at the Institute
of Ophthalmology, N. Y., and( inicluded by permission of Dr. J. H. Dunnington,
Clinical Director).

SUBCUTANEOUS TISSUE AND SKIN

Case I3.-W. R., male, age 25.
For two years there had been a swelling in the right supraclavicular fossa, which

slowly increased in size, without symptoms, until three months before operation, when
pain radiated from it down to the wrist. This disappeared in three weeks but tenderness
remained. When examined it was five centimeters in diameter. At operation, the mass
appeared like a dark red plum, and was very vascular. It was excised with an adjacent
lymph node. When the nature of the growth was determined and direct invasion of
the lymph node recorded, the lymph nodes of the right lower neck were removed.
No metastases were found. Thirty-seven montlhs after operation metastases appeared
in both ischia, left pubis, L 2. L 4, sternum and 6th rib. These were treated by
irradiation, with some improvement, so that the man could continue his work. Four
years after operation there were lung metastases. He finally died, five years and two
months after operation. There was no autopsy but biopsy of a rib confirmed the fact
of metastasis. The tumor is made up of freely anastomosing vascular tubes sometimes
lined by a single layer of prominent hyperchromatic, flattened endothelia but usually by
rounded, swollen, heaped-up tumor cells of varying size (Fig. 2 A). (Three months
after the first operation the case was reported Dr. J. 'M. Hanford).

Case I4.-H. G., colored female, age 49.
She received a blow on the medial aspect of the left knee region two years before

admissionl. This was immediately followed by ecchymosis. Two months later
attacks of throbbing pain began and lasted for i6 months, when swelling began, andl
all symptoms grew worse. Examinationi showed a diffuse swelling of the posteromesial
aspect of the left popliteal region. There were extensive varicosities in this extremity.
The lesion was explored, and a large multilocular cystic cavity found containing from
300 to 400 cc. of old blood. It was supposed to be a hematoma. The blood was evacuated
and the wound closed. Later, it broke open again and drained foul-smelling bloody
material, while the pain and swelling increased. Ten months later, at a second operation,
by Dr. A. H. Blakemore, a tumor eight centimeters in diameter was found. It was
suibcuttanleouis, sharply circumscribed, and insvolved the deep fascia. It was excised.
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Sixty-seven months after excision there was no evidence of recurrence. The tumor
consisted of a spongy mass of intercommunicating cavities filled with blood. A thick-
walled vein entered the upper pole of the mass (Fig. 9). Microscopically, this tumor
shows numerous vascular tubes which often anastomose and are lined by heaped-up
rounded endothelia. In many areas the endothelia have multiplied to such an extent
that the lumens are solidly filled, and only the silver reticulin stain demonstrates them
by accentuating the fibrous framework (Fig. 2 B).

Case I5.-Female, age 35.
Seven months before operation several nodules developed in the scalp above the

right ear. These were diagnosed as "cysts," and biopsy is said to have been taken but
no report is available. Soon after, swellings appeared in the right neck. All were
firm, circumscribed and somewhat painful and tender. A neck mass, midway between
angle of jaw and clavicle, was explored. It was apparently encapsulated, 3 x 2 X 0.5

FIG. 9.-Case I4: Hemangio-endothelioma of popliteal region. Cross-section of
the tumor tissue, its multiple cavities and the large vein, which entered its upper
pole shown at the right (see Fig. 2B).

cm., and lay deep to, but not attached to, a branch of the cervical plexus. It was

described as hemorrhagic. The patient was not followed. The tumor is composed of
the usual widely anastomosing vascular spaces lined by rounded and polygonal cells,
often heaped-up and sometimes forming papillary proces,ses. (Case from the Hospital
of the University of Pennsylvania. Reported by permission of Drs. Louis Kaplan,
surgeon, and R. H. Horn, surgical pathologist).

Case i6.-S. K., female, age I7.
Ever since birth there had been a "hemangioma" of the lateral aspect of the

right upper eyelid. Prior to her first operation, at the Presbyterian Hospital, there
had been six previous attempts at surgical removal, all of which failed. At this time, the
tumor measured I,5) x 3i x 5 mm. It was excised but promptly recurred (Fig. io).
The 8th and 9th attempts were made, respectively, one year and i6 months after the
7th attempt. She was not followed after this last operation, when she waS 20 years
old. Grossly, the tumor was composed of firm hemorrhagic tissue. This tumor is made
up in part of large, cavernous vascular spaces filled with blood and in part of a

spongy meshwork of very freely anastomosing capillaries lined by swollen elongated
endothelia frequently heaped-up in layers. The capillary sheaths are sometimes greatly
thickened and seemingly hyalinized (Fig. 5 B). (From the Ophthalmological Service of
the Presbyterian Hospital. The late Dr. John M. Wheeler, surgeon).
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Case I7.-W. W., female, age 3 monIths.
A red spot was present at birth in the skin of the right parietal region. It was

one centimeter in diameter and increasing rapidly in size when it was excised. It lay in
the skin and did not seem to have any deep connections. No recurrence after 30
months. The growth infiltrates the structures of the skin quite freely without destroying
them. It consists of numerous closely placed blood vessels lined with heaped-up rounded
endothelia, the most internal layer of which tend to be elongated. This makes it appear
in ordinary stains as if the vessel is surrounded by pericytes. Because of this the
tumor at first was called a hemangiopericytoma (Stout and Murray, I942, Case 3).
The silver reticulin stain shows that all of the cells are inside of the reticulin sheaths
and are, therefore, endothelia (Fig. 5 A). (From the Nix Hospital, San Antonio,
Texas. Drs. L. J. Ross, surgeon, and A. 0. Severance, pathologist).

Case I8.-D. R., male, age iI months.
When the child was three months old, the mother noted a swelling over the inner

angle of the left eyebrow. Slow increase to 25 mm. diameter. It was subcutaneous,
with normal overlying skin, and was mistaken for a dermoid cyst. No recurrence one
year after excision. Microscopically, the growth exactly resembles Case I7, except
that it is subcutaneous instead of intradermal. Only a few of the vessels have visible
lumens containing red blood cells, because multiplication of the endothelia has solidly
filled them. The silver reticulin stain shows the true state of affairs. (Case from
Babies Hospital, Dr. B. Paige, pathologist).

SUMMARY

Hemangio-endothelioma is the most common type of the malignant vascu-
lar tumors but, even so, it is a relatively rare neoplasm. It has a wide distribu-
tion in the various organs and tissues of the body, and may manifest itself
at any age, although half of the cases occur in childhood or youth. Growth
may be rapid or slow, and is infiltrative in character. When approached, the
tumors are usually, but not always, obviously vascular, with a tendency to
bleed into themselves or from the surface. Metastasis is common and is
generally through the blood stream although occasionally it progresses also
througlh the lymphatics.

The tumors are made up of congeries of vascular tubes which have a
marked tendency to anastomose and are lined with hyperchromatic atypical
endothelial tumor cells. These may be of any shape and size. They may
form a single layer, be heaped-up in several layers, or even multiply to such
a degree that the vascular tubes are completely obscured, when ordinary
stains are used, and can only surely be demonstrated by silver connective
tissue impregnations. The same tumor may show two or more of these
variations in the primary growth and the metastases. No tumor should be
called a hemangio-endothelioma unless it fulfills these microscopic criteria
and, conversely, if a tumor does show these characteristics it should be
recognized as a malignant or potentially malignant tumor. There is no such
anomalous entity as a benign metastasizing hemangioma. Two other tumor
forms especially have been confused with this one, namely, chorio-epithelioma
and hypernephroid carcinoma. If the criteria already given are strictly applied,
one should be able to avoid this error. The hemangio-endothelioma of
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infants apparently is better (lifferenitiated anid probably less miialigilanlt, al-
thoulgh it miiay kill by the imutiltiplicity of its tulmors. as occurre(l iM \Wollsteini's
case. The silver reticulin stain is of particular assistance in aidinlg onie to
distinguish hemangio-endothelioma from hemangiopericytonia. sinice enidothelia
are found inside and pericytes altogether outside the reticulin sheath of the
vessels. Demonstration that tuimor cells behavxe ini vitro like endothelia
provides further confirmatory evidence.

_w ., .A

FIG. io.--Case i6: Ilemangio-enidothelioma of the right eyelid ill anl
i8-year-old girl. It was present at birth, anid seven previous operations had
failed to eradicate it (see Fig. 5B).
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